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CaR Talk: The Calcium Receptor Finds 
New Places to Park
Theodora M. Mauro1
The study by Tu et al. in this issue details the surprising finding that not only is 
the CaR active intracellularly but also its intracellular localization includes both 
the ER, traditionally thought of as the main intracellular Ca2+ signaling store, and 
the Golgi, more recently shown to be important in keratinocyte signaling.
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Epidermis constantly renews itself, 
beginning at the undifferentiated basal 
layer and leading to the terminally dif-
ferentiated stratum corneum. Many of 
the in vivo processes of keratinocyte dif-
ferentiation and adhesion can be mim-
icked in vitro by raising extracellular 
Ca2+. Because a marked Ca2+ gradient 
can be found in vivo, increasing from 
the basal layer to the stratum granulo-
sum (Menon et al., 1985; Behne et al., 
2003), it is likely that these progressive 
increases in extracellular and intracel-
lular Ca2+ are relevant for in vivo pro-
cesses as well. Keratinocytes utilize 
specialized Ca2+ receptors, the CaR, 
which sense relatively high (micromo-
lar to millimolar) Ca2+ concentrations 
and initiate signaling cascades that 
lead to changes in cell differentiation. 
Previously, the CaR was thought to 
be active only on the plasma mem-
brane, sensing only extracellular Ca2+ 
concentrations. The study by Tu et al. 
(2007, this issue) details the surprising 
finding that not only is the CaR active 
intracellularly but also its intracellular 
localization includes both the ER, tradi-
tionally thought of as the main intracel-
lular Ca2+ signaling store, and the Golgi, 
more recently shown to be important in 
keratinocyte signaling.
Previous work by this group and 
others demonstrates that extracellu-
lar Ca2+ acts on the plasma membrane 
CaR in a manner analogous to other 
CaR-containing tissues such as para-
thyroid or bone. Specifically, raised 
extracellular Ca2+ binds to the plasma 
membrane CaR, generating the signal-
ing molecule IP3 via the activation of 
phospholipase Cβ and phospholipase 
Cγ1. IP3 then binds to IP3 receptors 
(IP3R), resulting both in Ca
2+ release 
from intracellular stores and in subse-
quent Ca2+ influx through plasma mem-
brane ion channels. Intracellular Ca2+ 
stores available for signaling are main-
tained by two related Ca2+ ATPases. 
The ATP2A2 (protein SERCA2) controls 
Ca2+ sequestration into the endoplas-
mic reticulum (ER), while a related Ca2+ 
ATPase (ATP2C1, protein SPCA1) con-
trols Ca2+ sequestration into the Golgi. 
Keratinocytes appear to be unique 
among mammalian cells in that the 
SERCA2 and the SPCA1 act jointly to 
shape IP3-mediated keratinocyte Ca
2+ 
signaling, making them the first mam-
malian cells recognized to be under 
dual control of both ER and Golgi Ca2+ 
stores. The importance of both the ER 
and the Golgi Ca2+ stores is underscored 
by the discoveries that mutations in the 
ER or Golgi Ca2+ ATPases underlie two 
acantholytic skin diseases: Darier’s dis-
ease and Hailey and Hailey disease.
The initial Ca2+ release from intracel-
lular stores is then amplified by Ca2+ 
influx through plasma membrane ion 
channels. Several types of plasma mem-
brane Ca2+-permeable channels have 
been identified in keratinocytes. Initial 
Ca2+ entry through capacitative Ca2+-
permeable transient receptor potential 
channels passes through TRPC1 and 
TRPC4 in these cells (Peier et al., 2002; 
Tu and Bikle, 2002). This small capaci-
tive current then appears to stimulate a 
larger, sustained current through a Ca2+-
activated nonselective cation channel 
(Fatherazi et al., 2003).
This new study expands the play-
ing field, demonstrating that, in addi-
tion to its actions on the plasma 
membrane, CaR also plays a role in 
intracellular signaling. In fact, this study 
demonstrates that most of the CaR in 
keratinocytes is found intracellularly, 
complexing not only with phospho-
lipase Cγ1 and the IP3R, but also with 
the Golgi Ca2+ ATPase SPCA1. As 
opposed to the initial assumptions that 
intracellularly located CaR was simply 
in storage or in transit to the plasma 
membrane, this study shows that intra-
cellularly located CaR is important 
in normal keratinocyte Ca2+ signal-
ing and Ca2+-induced differentiation. 
Inhibition of CaR expression via CaR 
antisense cDNA reduced intracellular 
Ca2+ stores even though SERCA2 and 
SPCA1 protein levels were increased. 
As expected, decreased Ca2+ store fill-
ing due to decreased intracellular CaR 
led to increased store-operated Ca2+ 
entry. In addition, loss of plasma mem-
brane CaR led to a decreased response 
to raised extracellular Ca2+. Consistent 
with a blunted response to raised extra-
cellular Ca2+ and depleted Ca2+ stores 
(Li et al., 1995), decreased CaR expres-
sion resulted in impaired Ca2+-induced 
keratinocyte differentiation.
This study suggests that CaR may 
signal in a different fashion when it is 
localized intracellularly or complexed 
with other signaling proteins than it 
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|CaR is important in normal keratinocyte Ca2+ signaling and Ca2+-
induced differentiation.
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does when it is located in its more 
familiar perch on the plasma mem-
brane. Indeed, if it were located on the 
lumen of the ER/Golgi and acted in its 
usual manner, one would expect that, 
as the Ca2+ stores in the Golgi or ER 
reached their highest concentrations, 
the CaR would be activated, generate 
IP3, which would bind to IP3R on the ER 
or Golgi membrane, and stimulate Ca2+ 
release from these Ca2+ stores. Thus, 
overexpression, not deletion, would 
lead to emptying of these Ca2+ stores, 
opposite the findings in this report. The 
findings that CaR deletion instead leads 
to Ca2+ store emptying suggest that CaR 
either interacts directly with these pro-
teins to modulate Ca2+ ATPase activity 
or acts separately to directly inhibit Ca2+ 
release or escape from these Ca2+ stores. 
The authors propose that CaR acts as 
a feedback mechanism to maintain 
the proper level of Ca2+ filling in these 
stores. Previous work by these authors 
demonstrates that CaR splicing and Ca2+ 
levels differ markedly in keratinocytes 
depending on their differentiation state. 
It may be that optimal Ca2+ store levels 
also fluctuate depending on differentia-
tion and that CaR senses the cytosolic 
or luminal Ca2+ and determines the 
appropriate level of Ca2+ sequestration. 
Because Ca2+ sequestration also deter-
mines Ca2+ influx, via store-operated 
Ca2+ entry, intracellular CaR signaling 
may maintain store and cytosolic Ca2+ 
concentrations at levels appropriate for 
each stage of differentiation. Finally, 
phospholipase Cγ1 and IP3R each act at 
many different sites, including directly 
on ion channels (Patterson et al., 2002). 
How their functions differ when com-
plexed to CaR is unknown, but it is pos-
sible that CaR exerts additional effects 
via its actions on phospholipase Cγ1 
and/or IP3R. Answers to these questions 
await further studies.
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Fishing for Allergens Hiding as 
Prohaptens
Hasan Mukhtar1, Farrukh Afaq1 and Mary S. Matsui2
Enzymes of the cytochrome P450 (CYP) superfamily are the most versatile and 
important class of drug-metabolizing enzymes, involved in the metabolism of 
xenobiotics to which human skin is exposed. Bergström et al. used a recombi-
nant human CYP cocktail in ratios that simulate those found in human skin for 
the purpose of identifying prohapten metabolites of otherwise inert molecules.
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Enzymes of the cytochrome P450 (CYP) 
superfamily serve numerous impor-
tant roles in the health, damage, and 
function of skin (Ahmad and Mukhtar, 
2004). The CYPs are the most important 
among the drug-metabolizing enzymes 
in the skin by virtue of their crucial role 
in controlling the steady-state concen-
trations of a variety of bioactive sub-
stances (Mukhtar and Khan, 1989). The 
primary role of CYP enzymes is to par-
ticipate in metabolic transformation of 
not only endogenous substrates (fatty 
acids, eicosanoids, sterols, steroids, 
vitamin A, and vitamin D) but also 
xenobiotic materials (such as pollut-
ants, cigarette smoke, and other exog-
enous compounds) to which human 
skin is either deliberately or inadver-
tently exposed. The xenobiotics that 
come into contact with the skin can be 
biotransformed into harmless or less 
harmful agents by enzymatic reactions 
catalyzed by a variety of metabolizing 
enzymes, including CYPs present in the 
skin (Ahmad and Mukhtar, 2004). This 
ability to metabolize agents that diffuse 
through it is part of what constitutes 
the barrier function of the skin, and it 
leads to altered biological activities of 
the original compounds. This biotrans-
formation, however, can result in either 
degradation or activation, the latter 
of which may result in skin sensitiza-
tion or even carcinogenesis. In addi-
tion, because they can modulate drug 
bioavailability in the skin, the CYPs 
are important targets to be considered 
in drug development for skin disease. 
For this reason, a proper understand-
ing of the mechanisms involved in the 
biotransformation of endogenous and 
exogenous substrates by CYP in the 
skin is of utmost importance.
